The 
Introduction
A shell can be described as a solid with one dimension which is small with respect to the other two dimensions. In classical theory, shells with constant thickness 2 are considered and the median surface is introduced. Let R 1 and R 2 be the principal radii of curvature of the median surface. If /R 1 1 and /R 2 1, then a thin shell is obtained. The notion of a thin shell allows the reduction of a three-dimensional problem to a two-dimensional one for the median surface. Using such an approach, investigation of the thermomechanical state of a three-dimensional solid is reduced to investigation of the thermomechanical state of the median surface with equivalent properties characterizing deformation and heat conduction (see, for example, [1] ).
Conventional thermoelasticity is based on the classical theory of heat conduction, specifically on Fourier's law and the parabolic heat conduction equation. In nonclassical theories, both Fourier' law and the heat conduction equation are replaced by more general equations. For an extensive bibliography on this subject and fur-ther discussion, see [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] and references therein. Each generalization of the heat conduction equation leads to the corresponding generalization of the theory of thermal stresses. The wave equation for temperature proposed by Nigmatullin [14] and Green and Naghdi [15] leads to thermoelasticity without energy dissipation [15] . The timenonlocal dependence between the heat flux vector and the temperature gradient with the "long-tail memory" power kernel [16] [17] [18] [19] [20] can be interpreted in terms of fractional calculus and results in the time-fractional heat conduction equation. The theory of thermoelasticity based on this equation was proposed in [16] . The Cattaneo generalization of Fourier' law [21] results in the telegraph equation for temperature and leads to thermoelasticity of Lord and Shulman [22] . Thermoelasticity based on the fractional telegraph equation for temperature was considered in [23] [24] [25] [26] . In this paper, the key equations of thermoelasticity of thin shells are obtained on the basis of the time-fractional heat conduction equation.
Time-nonlocal generalizations of Fourier's law
The classical theory of heat conduction is based on Fourier's law -the linear dependence between the heat flux vector q and the temperature gradient
where is the thermal conductivity of a medium. In combination with a law of conservation of energy, this equation leads to the standard parabolic heat conduction equation
where is the thermal diffusivity coefficient, ∆ 3 is the Laplace operator. The general time-nonlocal constitutive equation for the heat flux was considered by Gurtin and Pipkin [27] :
Substitution = − τ leads to the following equation:
Choosing 0 instead of −∞ as the initial point, we obtain
and the heat conduction equation with memory [14, 28] 
"Full memory" [14, 15] means that there is no fading of memory, the kernel is constant, and
As a result, we have the wave equation for temperature [14, 15 ]
and the corresponding thermoelasticity without energy dissipation [15] . "Short-tail memory" with exponential kernel
where ζ is a nonnegative constant, leads to the telegraph equation for temperature [21] 
and to the generalized thermoelasticity of Lord and Shulman [22] . The time-nonlocal dependence between the heat flux vector and the temperature gradient with the "long-tail memory" power kernel can be interpreted in terms of fractional calculus [16] [17] [18] [19] [20] :
and results in the time-fractional heat conduction equation with the Caputo fractional derivative of the order α
In Eqs. (11), I α ( ) and D α RL ( ) are the Riemann-Liouville fractional integral and derivative of the order α, respectively, (see [29] [30] [31] [32] ):
whereas the Caputo fractional derivative has the following form [30] [31] [32] 
If the heat conduction equation is investigated in a bounded domain, the boundary conditions should be prescribed. Different kinds of boundary conditions for the time-fractional heat conduction equation (12) were analyzed in [34] . For example, the condition of convective heat exchange between a body and the environment with the temperature
where H is the convective heat transfer coefficient, leads to
or, neglecting the initial values of the temperature gradient,
Fractional thermoelasticity
In the thermoelasticity theory proposed in [16] , the thermoelastic state of a solid is governed by the equation of motion in terms of stresses
the stress-strain-temperature relation
the geometrical relation
and the time-fractional heat conduction equation
where u is the displacement vector, σ the stress tensor, e the linear strain tensor, ρ the mass density, F the mass force, λ and µ are Lamé constants, K T = λ + 2µ/3, β T is the thermal coefficient of volumetric expansion, I denotes the unit tensor. The asterisk marks a transposed tensor. The coefficient γ describes the effect of deformation on the thermal state of a solid. In what follows, we will restrict ourselves to the case of uncoupled theory (γ = 0).
Fractional themoelasticity of thin shells
In the theory of thin shells, the mixed coordinate system (ξ η ) is used, where ξ and η are the curvilinear coordinates in the median surface and − ≤ ≤ is the normal coordinate. There are several approaches to reducing a system of three-dimensional equations (20)- (23) to the corresponding system of two-dimensional equations for the median surface (see [1, [35] [36] [37] , among others). The simplest approach uses the Kirchhoff assumptions and linear (or polynomial) dependence of the considered functions on the normal coordinate . For reasons of space, we will not present the averaged equation of motion in terms of forces and couples. They can be found in every textbook on shell theory. The constitutive equations of the thermoelastic theory of thin shells are written as 
are the averaged characteristics of temperature. Now we rewrite the time-fractional heat conduction equation (23) (on the assumption that γ = 0) in the mixed coordinate system (ξ, η, ):
with ∆ being the surface Laplace operator
where A and B are the coefficients of the first fundamental form of a median surface. Next we average equation (32) in terms of Θ 1 and Θ 2 , thus obtaining
and
If the heat fluxes are given at the boundary surfaces of a shell ( = − and = )
then under the assumption of linear distribution of temperature along the normal coordinate we get
+ (2) (38)
In the case of classical thermoelasticity (α = 1), the results of [1] are obtained
+ (2) (40)
whereas the limiting case (α = 2) corresponds to thermoelasticity of shells without energy dissipation
When at the boundary surfaces of a shell the conditions of convective heat exchange between the shell and the environment are fulfilled
we have
(47) where
The averaged equations (46) and (47) 
(49) with two limiting cases: classical theory of thermoelastic shells (α = 1) obtained in [1] 
(51) and thermoelasticity of shells without energy dissipation (α = 2)
Concluding remarks
The three-dimensional equations of thermoelasticity based on the time-fractional heat conduction equation have been reduced to a system of two-dimensional equations for the median surface of a thin shell. The averaged temperature characteristics of the shell have been introduced. A linear distribution of temperature along the thickness of the shell has been assumed. Two types of boundary conditions at the shell surfaces have been considered: the prescribed normal components of heat flux and the conditions of convective heat exchange between the shell and the environment. For the same heat exchange coefficient at both surfaces of the shell, the separated equations for the averaged temperature characteristics Θ 1 and Θ 2 have been obtained. In the case of classical thermoelasticity of thin shells (α = 1), the obtained results coincide with those derived by Podstrigach and presented in [1] . Another particular case (α = 2) describes thermoelasticity of shells without energy dissipation.
